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Ischemic Preconditioning Is Associated With a 
I)elay in Ischemia-Induced Redu~tion of 
{3-Adrenergic Signal Transduction 
in Rabbit Hearts 
Tomoyuki Iwase, MD; Tomoyuki Murakami, MD; Tetsuya Tomita, MD; Shinji Miki, MD; 
Kunihiko Nagai, MD; Shigetake Sasayama, MD 
Background. It hns been reported that the A1-ndenosine receptor mediates the cardioprotectlve effect of 
ischemic preconditioning. This receptor couples inhibitory guanine nucleotide-binding protein (G1) and 
inhibits adenylate cyclase activity. However, the role of adenylate cyclase in preconditioning is unknown. 
Methods 1and Results. We compared the effects of ischemia on the sarcolemmal f3-adrenerglc receptor 
density (Bmax), the stimulatory guanine nucleotide-binding protein (G,) activity as determined by 
reconstitutlion with S49 lymphoma eye- membranes, and baseline and maximally stimulated adenylate 
cyclase activities (ACAs) in control and preconditioned. rabbit hearts. The control populntion (n=28) 
received 0, 10, 20, and 60 minutes of coronary occlusion (n=6 to 8 per stnge), and preconditioned rabbits 
(n=24) received two cycles of nlternnting 5-minute occlusion and reperfusion before sustained ischemia 
(n=6 per stage). In control hearts, occlusion induced rapid and progressive reductions in the D .. u:, G., 
and ACAs after 10 to 60 minutes of ischemia. Preconditioning did not affect the reduction in Dmu' but It 
preserved reductions in G, activity and ACAs after 10 to 20 but not 60 minutes of sustained ischemia. In 
another study, 18 rabbits were treated with pertussis toxin 48 hours before surgery to block G1• During 
treatment, no significant difference was observed in the ischemia-induced reduction in ACA.s in the 
ischemic region between control (n=8) and preconditioned (n=lO) anjmals after 20 minutes of ischemia. 
Conclusions. Preconditioning delays Ischemia-induced reductions In f3-adrenergic signal transduction. 
Inhibition of ACA Is not the target effect of the A1-ndenosine rcceptor-G1 pathway responsible for the 
curdioprotcctive role of preconditioning. (Circulntion. 1993;88:••e-•••.) 
KEY WoRDS .. preconditioning • receptors) adrenergic, beta • adenylate cyclase • proteins 
S ingle or repeated episodes of ischemia and reper-fusion dramatically limit infarct size of myocar-dium caused by subsequent prolonged periods of 
ischemia.' This phenomenon has been documented in a 
variety of experimental animals 1· 5 and has been called 
"ischemic preconditioning." Preconditioning also sup-
presses arrhythmias induced by ischemia or reperfu-
sion6·7 and slows myocardial energy metabolism. 1 Al-
though the precise biochemical mechanism responsible 
for preconditioning is unknown, Liu et al8 have recently 
proposed that intracoronary infusion of adenosine or 
_N6-( 1-phenyl-2R-isopropyl)adenosine, an A 1-selective 
adenosine receptor. agonist, is as effective as precondi-
tioning in limiting infarct size caused by prolonged 
myocardial ischemia. 
The A 1-selective adenosine receptor couples to the 
inhibitory guanine nucleotide-binding protein G, 
which in turn is linked to several effectors. Signals 
reaching this receptor produce various responses in the 
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heart, including inhibition of adenylate cyclase, activa-
tion of A TP-sensitive potassium (KATP) channels, and 
activation of N a+ /Ca 2+ exchange.9 Gross et aJ1° and 
others 11 have recently reported that the activation of 
KATP channels plays an important role in myocardial 
preconditioning in the canine heart. However, contro-
versy exists regarding the target effector of the A,-
adenosine receptor, which mediates the cardioprotec-
tive effect of preconditioning. 12 The purpose of this 
study was to assess the role of inhibition of adenylate 
cyclase, one of the target effects of an activation of the 
A1-receptor-G1 pathway in ischemic preconditioning. 
We compared the time courses of ischemic changes in 
myocardial .B-adrenergic receptor number and the func-
tional activities of G, and adenylate cyclase between 
control and preconditioned rabbit hearts. In addition, 
we assessed these changes in rabbit hearts pretreated 
with pertussis toxin, which blocks the coupling of G1 
with its receptors and thus potentially modifies the 
cardioprotective effect of preconditioning. 
lV!ethcds 
Animal Preparation 
Female Japanese White rabbits weighing between 2.8 
and 3.5 kg were anesthetized with 30 mg/kg of sodium 
